Acholeplasma laidlawii cells grown with oleic acid produced much more colored carotenoids than did cells grown with elaidic acid. The amount of carotenoids was decreased 80 to 90% by growing the cells with 0.05 M propionate, resulting in a marked increase in the mobility of both 5-doxylstearate and 12-doxylstearate incorporated into the membranes. The fatty acid composition of the propionate-grown cells differed from that of cells grown without propionate by containing odd-numbered rather than even-numbered saturated fatty acids, but the ratios of saturated to unsaturated fatty acids were the same. To determine whether the carotenoids are the cause for the restricted mobility in the membranes, the carotenoids were selectively removed from A. laidlawii membranes by incubating the membranes with phosphatidylcholine vesicles. The carotenoiddepleted membranes showed an increase in the mobility of the hydrocarbon chains of the spin-labeled fatty acids. Furthermore, the incorporation of carotenoids into artificial membrane vesicles restricted the mobility of the hydrocarbon chain. Our results support the notion that the carotenoids in A. laidlawii act as a rigid insert reinforcing the membrane bilayer.
Acholeplasma laidlawii cells grown with oleic acid produced much more colored carotenoids than did cells grown with elaidic acid. The amount of carotenoids was decreased 80 to 90% by growing the cells with 0.05 M propionate, resulting in a marked increase in the mobility of both 5-doxylstearate and 12- doxylstearate incorporated into the membranes. The fatty acid composition of the propionate-grown cells differed from that of cells grown without propionate by containing odd-numbered rather than even-numbered saturated fatty acids, but the ratios of saturated to unsaturated fatty acids were the same. To determine whether the carotenoids are the cause for the restricted mobility in the membranes, the carotenoids were selectively removed from A. laidlawii membranes by incubating the membranes with phosphatidylcholine vesicles. The carotenoiddepleted membranes showed an increase in the mobility of the hydrocarbon chains of the spin-labeled fatty acids. Furthermore, the incorporation of carotenoids into artificial membrane vesicles restricted the mobility of the hydrocarbon chain. Our results support the notion that the carotenoids in A. laidlawii act as a rigid insert reinforcing the membrane bilayer.
Acholeplasma species are capable of de novo biosynthesis of carotenoids (17) localized exclusively in the cell membrane (8) . The idea that in Acholeplasma, carotenoids with a planar hydrocarbon structure are essential for cell growth, fulfilling functions analogous to those of cholesterol in the Mycoplasma species, was put forward by Smith and co-workers (18) (19) (20) . Accordingly, it was suggested that the low cholesterol levels in Acholeplasma species are due to high contents of carotenoids interfering with cholesterol uptake by occupying the same sites in the membrane (20) . Other findings contradicted this issue mainly by showing that carotenoid biosynthesis is not essential for A. laidlawii growth and that induced changes in the carotenoid content of the cells have no effect on the amounts of cholesterol incorporated into the membrane (9) . This controversial issue was recently raised again (4) when it was shown that inhibition of carotenoid biosynthesis resulted in an increase in the mobility of spin-labeled fatty acids incorporated into the membrane. The results presented in the present communication extend this study by showing that the selective removal of the carotenoids from A. laidlawii membranes results in an increase in membrane fluidity, whereas the incorporation of carotenoids into artificial membranes decreases membrane fluidity, supporting the hypothesis that polyterpenoids act as reinforcers of the lipid bilayer (10) .
MATERIALS AND METHODS
Organisms and growth conditions. A. laidlawii (oral strain) was grown in a modified Edward medium containing 0.5% (wt/vol) bovine serum albumin (Sigma Chemical Co., St. Louis, Mo.) and 20 ,ug of either oleic or elaidic acid. The pH of the medium was adjusted to 8.5. Growth was followed by measuring the absorbance of the culture at 640 nm, using a Bausch and Lomb Spectronic 80 spectrometer. Cells were harvested at the mid-exponential phase of growth (absorbance at 640 nm, 0.15 to 0.20) by centrifugation at 9,000 x g for 15 ' The first number indicates the number of carbon atoms, and the second number indicates the number of double bonds.
The spectra revealed that the large hyperfine splitting (2 T1l) of 5-doxylstearate and 12-doxylstearate was higher in carotenoid-rich membranes obtained from cells grown without propionate than in carotenoid-poor membranes obtained from cells grown with propionate (Fig. 1) . The percent change in the hyperfine splitting between the carotenoid-rich and -poor membranes was, however, larger in membranes labeled with 12-doxylstearate. Carotenoids could be removed from A. laidlawii membranes by incubating the membranes with an excess of phosphatidylcholine vesicles ( membr,ane carotenoids were selectively removed, apparently in a manner similar to the removal of cholesterol from biomembranes (2) . The removal of the carotenoids resulted in an increase in the freedom of motion of the spinlabeled probes. On the other hand, the addition of carotenoids to multilamellar lipid vesicles decreased the freedom of motion. The marked effect of the carotenoids on the freedom of motion in A. laidlawii membranes was observed with both 5-doxylstearate and 12-doxylstearate. The nitroxide radical in 5-doxylstearate is in proximity of the carboxyl group of the fatty acid, whereas in 12-doxylstearate the radical is close to the methylene end group. Since fatty acid spin labels in biomembranes are oriented parallel to the hydrocarbon chains of membrane polar lipids (11) , it seems that the carotenoids restrict the mobility of hydrocarbon chains of membrane lipids both near the polar head groups and in the central lipid bilayer regions. Such restriction can best be explained by a preferred orientation of the carotenoid molecule with its amphiphilic axis parallel to the hydrocarbon chains of A. laidlawii polar lipids. A parallel orientation of the carotenoids is not necessarily the case with the multilamellar phosphatidylcholine vesicles, for which the restriction of motion was very pronounced with 12-doxylstearate but not with 5-doxylstearate.
The fatty acid analysis of membrane polar lipids from cells grown with propionate strongly suggests that the biosynthesis pathway in the A. laidlawii oral strain is basically similar to that described for the A. laidlawii B strain (15) . The cells, when grown with propionate, synthesized odd-numbered saturated fatty acids from the three-carbon primer. The products of the biosynthetic system were fatty acids of 13 to 17 carbons. The bulk of the biosynthesis output, using the three-carbon primer, was pentadecanoic acid (>70%). The even-numbered hexadecanoic acid (C16:0) and octadecanoic acid (C18:0) found in the polar lipid fraction are apparently either exogenous fatty acids incorporated from the growth medium or represent the products ofthe biosynthetic system operated with acetate formed during glucose metabolism.
Changing the saturated-to-unsaturated fatty acid ratio of membrane polar lipids and affecting the fatty acid chain elongation system are the two mechanisms previously described as being involved in controlling membrane fluidity in A. laidlawii (6, 11, 16) . The former mechanism was found to be active when growth temperature is changed (6) , whereas the latter operates in response to variation in the fatty acid composition of the growth medium (16) . Our observation that as carotenoid biosynthesis was inhibited by propionate, the saturated-to-unsaturated fatty acid ratio and the average chain length of A. (9) , when it was found that the inhibition of carotenoid biosynthesis has no effect on the incorporation of cholesterol into A. laidlawii membranes. On the other hand, it may be that the carotenoid biosynthesis system senses membrane fluidity. Thus, the carotenoid content in cells grown with oleate was much higher than in celLs grown with elaidate, but additional fatty acid compositions need to be studied to establish firmly such a relationship.
